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Abstract
Background: Sesame is one of the most consumed oilseeds in human food in the whole world. In various forms,
it is used for the preparation of foods, cookies, cakes, and so on. This study was applied for the determination of
lead, cadmium, and arsenic in 80 samples of sesame purchased from supermarkets in Khorasan province, Iran.
Results: The results showed that arsenic is one of the trace elements in crops (edible plants) with an average
concentration of 54 ng g−1, and three (3.75%) samples were above the maximum tolerated level of Pb in Iran
(100 ng g−1) regulations.
Conclusions: The results were obtained after complete digestion of these samples and determination using
graphite furnace atomic absorption spectrometry and hydride generation atomic absorption spectrophotometry
and indicate that 96.25% of the sesame samples could be suitable for human food.
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Background
Sesame (Sesamum indicum L.) is one of the edible seeds
in human foods in the whole world. Sesame is probably
the most ancient oilseed cultivated in several countries
such as India, Sudan, China, and Burma which are con-
sidered as the major producers (60% of its total world
production) [1]. It is widely used as food in the Iranian
kitchen and food sector.
Lead and cadmium are known as toxic elements. Both
metals cause adverse health effects in humans, and their
widespread presence in the human environment comes
from anthropogenic activities [2]. These elements are
not natural substances in nutrition [3]. Cadmium ions
are easily absorbed by vegetables and in animal-based
food and are principally distributed in the liver and kid-
neys. The highest cadmium concentrations are found in
rice, wheat, oyster, mussels, and the kidney cortex of ani-
mals [4]. Lead is a well-documented metal toxicant,
exposure of which leads to many fatal diseases, including
the dysfunction of renal blood and neurological systems
[5]. The effect of lead is actually similar to cadmium [6].
Arsenic is a ubiquitous element, introduced to the envi-
ronment from natural and anthropogenic sources [7]. It
is known to be one of the most toxic elements and has
serious effects on plants, animals, and human health [8].
Because of the possible health risk, it is very important
to control the level of these toxic elements in food, espe-
cially in products, which are known to have beneficial
effects on health.
In the analysis of heavy metals in plant materials and
food samples, atomic absorption spectrometry (GFAAS,
FAAS) is reported most frequently [9]. Other techniques
such as inductively coupled plasma mass spectrometry
[9,10], inductively coupled plasma atomic emission spec-
trometry [11], and electrochemical sensor TMFE [11]
are also frequently employed. Procedures involving se-
paration and preconcentration for the determination of
cadmium using spectrometric techniques are reviewed
by Ferreira et al. [12]. The aim of the presented work is
to estimate the quantity of Cd, Pb, and As intake in se-




An Analytik Jena AG AAS ZEEnit 700 AAS (Jena,
Germany) equipped with a hydride generation system
(HS60) and graphite furnace (GF) with the Zeeman back-
ground corrector was used in the experiments. WinAAS
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software was used for data management. Cd and Pb were
determined with a graphite furnace atomic absorption
spectrophotometer (GFAAS). Arsenic was determined
using a hydride generation atomic absorption spectropho-
tometer (HGAAS). The operating parameters for the
working elements are given in Tables 1 and 2.
Reagents and solutions
All the analytical grade reagents were obtained from
Merck (Darmstadt, Germany). Deionized double-distilled
water was used throughout the experimental work.
Laboratory glassware were kept overnight in 10% (v/v)
nitric acid. Before use, the glassware were rinsed with
deionized water and dried in a dust-free environment. The
phosphate-matrix modifier solution (Merck) was added to
the samples, and standards were prepared by diluting
1 mL of phosphate modifier stock solution (NH4H2PO4
100 ± 2 g L−1 in H2O) to 10 mL, resulting in a final
concentration of 2,500 mg L−1 phosphate. The sesame
samples investigated in this study were locally available
brands, collected in supermarkets from Khorasan pro-
vince, Iran. Samples were dried; then, dried samples were
homogenized using an agate homogenizer and stored in
polyethylene bottles until analysis.
Results and discussion
In this work, Cd and Pb were analyzed by GFAAS and
As with HGAAS. Various sources contribute to the
metal composition of sesame. The main sources of heavy
metals to plants are their growth media, like nutrient
solution and soils [13,14]. The analytical characteristics
of the atomic absorption spectrometry (AAS) method
are shown in Table 3.
Accuracy was examined using the determination of
the recoveries of Cd, Pb, and As. The recovery study
was performed by comparing the concentration in the
sesame-spiked samples to the respective non-extract
standards (Cd, Pb, and As in solution). The recoveries of
Cd, Pb, and As from samples spiked at 10 and 50 ng g−1
for Cd and Pb, respectively, and 2 ng g−1 for As were
quite good (Table 3). Relative standard deviations for
within-laboratory repeatability (RSDr, n = 7) range from
1.6 to 2.6. The recoveries of the mineral elements were
in the order of 97.6% to 98.4%. These results confirm
the validity of the method for the determination of the
investigated metals.
The relative standard deviations were 13.12%, 31.90%,
and 26.21% for Cd, Pb, and As, respectively (Table 4).
Cd, Pb, and As concentrations were compared with
upper limits (100 ng g−1 for Cd, Pb, and As) that was
approved by the Iranian National Standard [15]. The
results showed that As was the most abundant of the
trace elements in sesame with an average concentration
of 54 ng g−1, and three (3.75%) samples were above the




For digestion with wet ashing, 5 g of sesame samples was
used (the particle sizes after grinding were below 0.3 mm).
Wet digestion of the samples was performed by using
mixtures of two acids, namely, HNO3-HCl. Thirty millili-
ters of concentrated HNO3 was used for a 5.0-g sample.
For this procedure, the temperature was maintained at
120°C during digestion of the sample with acid mixtures
on the hot plate. The sample was gently boiled until 3 to
6 mL of digest remains. Then, 25 mL of concentrated HCl
was added. The heat was increased and the sample boiled
until 10 to 15 mL of volume remains. After cooling, the
residue was filtered through blue band filter paper. Then,
the sample was diluted to 50 mL with distilled water. The
blank digestions were also carried out in the same way [16].
Table 1 Parameters for working elements
Analyte Wavelength (nm) Lamp intensity (mA) Split (nm)
Cd 228.8 3 1.2
Pb 283.3 4 0.8




Acid volume 10 mL (3 mol l−1 HCl)
Reductant 10 g L−1 NaBH4
Reaction time 20 s
Read time 50 s








(%RSD, n = 7)
Recovery
(±SD, n = 7)
Cd 0.34 1.1 1.10 98.2 (±2.3)
Pb 0.66 2.1 0.42 97.6 (±1.6)
As 0.23 0.7 3.63 98.4 (±2.5)
Table 4 Metal concentration (ng/g, dry weight) of sesame
samples
Analyte Average (±SDa) Range
Cd 15.7 (±13.12) 0.45 to 62
Pb 51.6 (±31.9) 6 to 123
As 54 (±26.21) 13 to 99
aSD, standard deviation.
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Calibration curves
Three external standard curves were constructed using
reference standard to determine the metal (Cd, Pb, and
As) content in all samples. Calibration curves were deter-
mined using five or six different concentrations. The
squares of correlation coefficients (r2) were 0.989, 0.996,
and 0.996 for Cd, Pb, and As, respectively.
Conclusions
In this study, 80 sesame samples from the Khorasan pro-
vince of Iran were analyzed for three elements using
furnace (Cd and Pb) and hydride generation (As) atomic
absorption spectrophotometry and an acid digestion
method. The acid digestion system in the sesame samples
provides a simple and effective method of the sample
digestion. This study is expected to provide an important
insight into the disparity of the mineral element concen-
trations in different sesame samples. It is shown that Cd
was detected in 76.25% with a mean value of 15.7 ng g−1.
Pb and As were detected in all samples with a mean value
of 51.6 and 54 ng g−1, respectively. Maximum contents of
Cd, Pb, and As in the all samples were found as 62, 123,
and 99 ng g−1, respectively. Therefore, there is a need to
routinely monitor these as a food quality control measure.
Additional investigations, currently ongoing with our sam-
ples, will provide further information on this potentially
useful taxonomic tool.
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